In spite of a large amount of work by many investigators our knowledge of diabetes is limited, so limited indeed that it is still defined in terms of its most important clinical sympom: -' A chronic disease in which " grape-sugar " is excreted in the urine' (Von Noorden).
In many previous investigations the output of total nitrogeni has been more or less thoroughly studied, but without any very important results being obtained. In the majority of instances the patients investigated were not confined strictly to one diet during the period of experiment, with the result that great variations in the output of nitrogen were observed. Further, in many cases the diet during the experimental period wasowin1g to the nature of the disease-very rich in protein. This abundance of protein in the diet naturally leads to a very marked output of nitrogen in the urine, to such a degree indeed that any slight variations which might have occurred from alterations in metabolic processes would be entirely obscured.
Von Noorden, although he recognises that this high elimination of nitrogen is mainly due to the amount of protein ingested, still affirms that a diabetic excretes more nitrogen than does a healthy ma-n on the same diet.
Two causes are put forward to account for this increased excretion of nitrogen : (a) Loss of nitrogen from underfeeding; the diabetic being unable to utilise carbohydrate and thus to save protein, an increased catabolism of the latter takes place. (b) Loss of nitrogen from toxogenous protein catabolism; the clinical picture of diabetic coma suggests that this may occur.
3&65 : 1, which represented a sugar production from protein of nearly 60 per cent. This higher ratio has been found in human diabetes when the patient is on a diet of protein and fat (Mandel and Lusk), and also in dogs when both pancreas and thyroid have been removed (Falta).
The variability of the D : N ratio in different animals and in the same animal under different circumstances cannot yet be definitely explained. Falta suggests that the extirpation of the pancreas and thyroid gland leaves the adrenals highly active, furnishing a secretion which tends to promote the formation of sugar. Mlandel and Lusk assume the existence of two different chemical combinations of protein and sugar-an alphacolloid dextrose representing the sugar in the 2 8 ratio, and a beta-colloid dextrose represeniting the additional percentage of the protein when the 3 65 ratio is present, the ratio depending on the combustion of the latter. The higher ratio has been termed the fatal ratio,' as it shows a complete intolerance for carbohydrates, a lower ratio indicates hope for the patient. It is recommended as a matter of routine in practice that the patient should be placed on a strict carbohydrate-free diet and on the second day the D: N ratio determined.
Cathcart2 in a recent paper has, as the results of many experiments using diets of varied nature, put forward the hypothesis ' that carbohydrates are absolutely essential for intracellular synthetic processes in connection with protein metabolism.' In his investigations he used the output of creatin-not a normal constituent of healthy urine-as the index of protein catabolism. This substance was chosen because it is constantly present in the urine during starvation (Cathcart3, Benedict4). Cathcart (loc. cit.) found that when the diet consisted only of carbohydrates or was one comparatively rich in carbohydrates, although it might be relatively low in Calories, no creatin was ever found in the urine. He also found that, even when the feeding followed a period of starvation,-which had led to the appearance of creatin in the urine,-that on a carbohydrate diet the creatin immediately disappeared. On the other hand, if carbohydrates were completely absent from the diet or present only in very small quantity, even when the intake of Calories was abnormally high, creatin appeared in the urine; and, if the feeding followed a period of starvation, the output of creatin instead of diminishing, as when carbohydrates were used, increased in amount. As a result of these experiments the hypothesis above mentioned wvas formulated, the suggestion being that the presence of carbohydrates in proper form is essential before the anabolic processes in connection with the utilisation of protein in the body can take place. In support of his contention he brought forward much collateral evidence.
An experiment performed on myself at Dr. Cathcart's request has considerable significance in connection with this point. A strict carbohydrate and creatin-free diet was taken, consisting of 10 eggs, 1 lb. butter, and one. diabetic loaf (6 oz. The first examination represents the analysis of a sample of urine when on ordinary mixed diet.
The second and third are the results obtained while the special diet was being taken. As will be seen, creatin was found.
The fourth examination was made after the addition of carbohydrate to the diet. Creatin had disappeared.
Another exactly similar experiment carried out on Dr. Cathcart had the identical results.
Since diabetes is the disease in which carbohydrate metabolism is notoriously faulty (vide supra), it was thought that even on a creatin free diet creatin would be present in the urine of diabetics in large amount. This has proved to be the case On the other hand, the experiments of Noel Paton'0 and Cathcart2 have shown that there is in all probability a very close connection between the output of creatinin and creatin. In one experiment of Cathcart's it was shown that with a rise in the output of creatin there was a marked fall in the output of creatinin. There is also a certain amount of evidence to show that under certain circumstances the ingestion of food containing creatin is followed by a rise in the output of creatinin. As will be seen creatin was excreted on this abundant flesh diet, and this occurrence was associated with a rise in the total nitrogen and creatinin outputs.
It has already been mentioned that Folin (loc. cit.) believes that the amount of creatinin excreted in the urine is a constant quantity for the individual, and independent of the nitrogen intake, or of the total nitrogen passed in the urine.
The figures in the tables accompanying this paper also indicate a connection between the creatinin excretion and the nitrogen intake, and they further show that the output of creatinin in diabetics is by no means always greatly exaggerated, even when a highly nitrogenous diet is being taken.
Von Noorden gives conflicting figures when considering the effect of diet on the daily output of creatinin; with a mixed diet of 0-8 gram-- The dietaries of the patients examined for this paper were rarely excessive in flesh content, and in a large majority of the cases a creatinfree food was given, the persistence of creatin in the urine during these periods must have been due to causes other than the food ingested.
The earlier estimates of creatinin excretion during muscular work vary, and are probably of little value on account of the defective methods employed. Von Noorden states that excessive muscular work may cause creatin to appear in the urine. Cathcart, Kennaway, and Leathes" found that even severe work does not cause a rise in the urinary creatinin when the diet is ample. Shaffer's work'2 led him to express the opinion that the amount of muscular activity is in itself entirely without effect upon the amount of creatinin excreted.
Quite recently Graham Brown and Cathcart,13 in a paper, in which the literature on this point is reviewed, found that stimiiulation of muscle might actually decrease the amount of total creatinin (creatinin + creatin) extracted. Mellanby (loc. cit.), on the other hand, states that work has no influence on the creatin content of muscle. Pekelharing and v. Hoogenhuyze14 found that rigor mortis, heat rigor, and 'tonus ' led to an increase of creatin in muscle.
So far as this investigation is concerned, the influence of muscular work on the urinary creatinin and creatin excretion may be ignored. The patients examined-with one exception-being all hospital in-patients either entirely at rest in bed or only doing the light work of the wards.
Creatin when present in a creatin-free diet is a product of pure endogenous origin, and is never found in the urine as an excretory product under normal conditions (Folin) . It can, however, be readily caused to appear, its chief source of origin being the muscle tissues.
Voit believed that it was present in urine alkaline when passed (Von Noorden) . This has been shown to be incorrect.5
The latest contribution to the literature on the subj ect of creatin excretion is an article by Noel Paton,10 who shows that in the urine of birds creatin takes the place of creatinin, and is an end product of metabolism, and that increased creatin exeretion indicates an increase of muscle catabolism.
The urinary creatin excretion has been examined in certain diseases. In nephritis it is said to be increased, and was at one timie thought to accumulate in the blood and be a factor in uraemic poisoning (Voni Noorden) . This, however, has been denied, as it probably never occurs in sufficient quantities, and it is a less toxic substance than creatinin. Turner'5 refers to recent work by Donath, who records the results of his experiments inlto the convulsion-producing properties of the substances found in the blood and urine of epileptics. When injected into guineapigs and dogs creatin proved innocuous; creatinin, on the other hand, produced convulsions.
A sample of urine from a female patient, who died of diabetic coma, was examined, and the creatin value was distinctly bigh. Total creatinin 00448 gram per cent. Preformed creatinin 00224 gram per cent., and creatin 00224 gram per cent. It has also been noticed that in those cases in which the acetone and diacetic acid tests were most marked the creatin values were highest (e.g. Table VIII ).
Mellanby (loc. cit.) tabulates the excretion of creatinin and creatin in various pathological conditions affecting the liver; he found that the output of creatinin in hepatic disease is markedly sub-normal on account, he believes, of depressed hepatic function, while in cancer. of the liver creatin is excreted in large quantities; in cirrhosis and engorged livers on the other hand, creatin exeretion is not affected. This writer is of opinion that the liver is intimately connected with the production of creatin and' the excretion of creatinin. The creatin excretion in pathological states other than those already mentioned has been examined by other workers. Shaffer5 mentions the following conditions, in all of which there is probably a breaking down of muscle tissue; acute fevers, the acute stages of exophthalmic goitre, tumour cachexia. The largest output found was in women during the first week post-partum. Finally, in the graver forms of blood diseases the creatinin values are low, and creatin has been found in lymphatic leucaemia (Shaffer) and myelogenic leucaemia (Von Noorden).
The following then appear to be the conditions under which creatin may occur in the urine as an excretory product. Starvation, excessive muscular work on an insufficient diet, heart disease with failure of compensation, certain forms of liver and blood diseases, nephritis, Graves disease, fevers, tumour cachexia, epilepsy, and during the early days of the puerperium.
In the series of cases examined for this paper all these conditions may be excluded.
The methods employed for the various exaninations connected with this paper were:-Total niitrogen (Kjeldahl), creatinin and creatin (Folin); 1. sugar (Pavy) . In order to acquire familiarity with these methods three patients suffering from diabetes were taken. These were all undergoing hospital treatment and were improving. The figures are not tabulated, but it may be stated that creatin was always found in the urines, and that the total nitrogen and creatinin excretions were not high. An attempt was made-as will be noted in the various protocols--to test the various patients with a diet which was absolutely free from either creatiiiin or creatin. Such a diet, free from carbolhydrate and yet palatable, was impossible. Accordingly, from time to time a diet was used which-although free from creatinin and creatin-was rich in carbohydrates. As such a diet is quite unsuited for a diabetic patient, the results obtained were, on the whole, very unsatisfactory. This diet consisted of :---eggs, milk, cream, oatmeal, cheese, butter, diabetic bread, water. The tables may now be appended. Polyuria was often excessive, and the outpuit of sugar large. Acetone frequently occurred. There was a well-marked double cataract. The urine was first examined soon after her admission to hospital, while she was still on an ordinary mixed diet. The sugar and total nitrogen eliminated were both high. The total creatinin, on the other hand, rather low. The influence of withholding carbohydrate is seen at the second and third examinations, the total creatinin values are distinctly higher, the creatin readings showing a marked increase.
On creatin-free food a gradual fall in the excretion of creatinin and creatin may be observed, but the glycosuria increased and the diet was not persisted in.
The last examination was made after a return to diabetic diet; the total creatinin values were again increased. The weight was fully maintained during the period of observation. The first examination was made after the patient had been in hospital for three weeks. The glycosuria still persisted, but the other symptoms were in abeyance. The history dated back some ten months, but at no time had the illness been acute, and she was still fairly well nourished.
Amount
On ordinary diabetic diet the first analysis showed a low output of total nitrogen and creatinin. On creatin-free food the amount of total nitrogen eliminated suddenly shot up, and this was associated with a rise in the output of sugar and creatin. Creatinin itself is rather diminished. The sudden rise in the total nitrogen and creatin excretions during the period creatin-free food was being given may be explained by the fact that the diet was badly borne, and weight rapidly lost (5* lbs. in five days). The last examination was made after the loss in weight had been made good, and the patient again on strict dietetic treatment. The total nitrogen output was again low, as was also that of creatinin. 

NOTES ON CASE III
This was a case of acromegaly diabetes. Acromegaly and diabetes are so frequently associated that some close connection between the two diseases must exist. Von Noorden mentions five cases of acromegaly, four of which were complicated with diabetes. Various explanations to account for this relationship have been put forward. Some maintain that two entirely separate pathological conditions co-exist; others believe the glycosuria occurring in acromegaly to be produced by the pressure of the pituitary tumour on the fourth ventricIe. A third view is that it is due to loss or increase of an internal ferment. Mayo Robson and Cammidge (16) state that chronic pancreatitis has been repeatedly observed in association with acromegaly, and are of opinion that the glycosuria in this disease is due to morbid changes in the pancreas.
When the patient first came under observation there was no glycosuria, but it soon appeared with all the classical symptoms of diabetes. The first three examinations were made when diabetic treatment was being tried, and the values of total nitrogen, creatinin, and creatin were all high. The patient then developed diphtheria, and it was four months later that the subsequent examinations were made. The enormous polyuria was the most striking symptom on his return, together with an appetite and thirst that can only be described as insatiable. On account of the latter no diet could be rigidly adhered to. He passed great quantities of sugar, the maximum being reached at the fifth examination. The total nitrogen eliminated reached great heights, the figure at the eighth examination being particularly noticeable; at the same time the total creatinin (creatin 4-creatinin) touched the highest level.
Creatin was always found in considerable amount. It is worth observing that in spite of the man's symptoms the weight did not alter materially, and apart from the excessive craving for food he was quite comfortable, When -the patient first came under observation, suigar had been absent from the urine for eight days; this-disappearancetook place after twelve days' treatment. The diet consisted of protein and fat, no carbohydrate being given. The presence of creatin at this time may have been entirely due to the excess of meat ingested (v.s.), but it is probable that the want of carbohydrate in the diet was also a determining factor. When eggs were substituted for some of the meat and milk added, the creatin disappeared, and at the same time the total creatinin diminished.
A creatin-free diet was now given and sugar again appeared in the urine. Creatin also reappeared, but the total creatinin excretion was somewhat reduced.
It is difficult to explain the reappearance of creatin on this carbohydrate rich diet, especially when the experimental work on dogs, referred to later, is taken into account. But in this case there is probably some definite pathological state underlying the condition, a state which only permits of the combustion of a certain (limited) amount of carbohydrate. If this limit be overstepped hyperglyeaemia and glycosuria occuir, and it may be that at the same time some catabolic process (possibly toxic) is originated which leads to a breaking-down of muscle protein and the appearance of creatin in the urine. The last examination made in this case was during a period of ordinary diet with limited carbohydrate. Both sugar and creatin were absent, and the total creatinin value was lower than that found when no carbohydrate was allowed. 
NOTES ON CASE A
The first point of interest here is the age of the patient. On account of this the output of urine for the twenty-four hours could not be ascertained, and the table represents percentage values except for the sugar which is expressed in grams per 1,000 c.c. Diabetes at this age is rare. Amongst 1,360 private patients who consulted Pavy the disease began under ten years of age in only eight cases. The youngest patient Pavy had under his care was an infant aged 12 months. (17.) The history in this case was of 8 weeks duration only, the chief symptom noted by the mother being excessive thirst.
It was easy to keep this patient on a creatin-free diet, but the glycosuria tended to increase. The total creatinin output, however, diminished.
The course of the illness was rapid, death ensuing from coma, at the end of six weeks after she first came under observation. 
NOTES ON CASE VI
This patient had been in hospital for five weeks before he came under observation. He was doing well on a strict diabetic diet, but the glycosuria was still marked. Although the intake of flesh was considerable, the readings are not high; the total creatinin excretion being low, and the nitrogen elimination well within normal limits. On a creatin-free diet the amount of urine and sugar passed both increased; the total creatinin output on the other hand was lower. On the day following the application of creatin-free food there;was a rise in the output of total nitrogen; this rise, was however, transitory.
The 
NOTES ON CASE VII
For some days this patient was seriously ill, and unfortunately left hospital (of his own accord) before his condition was considered safe, and before a creatin-free diet could be tried.
The amount of urine passed showed considerable variations as did also the output of suigar and total nitrogen, the latter being generally low.
The acetonuria present at the outset disappeared, and a carbohydrate-free diet wvas given. This reduced the glvcosuria but led to an increase in the outpult of crettin, and a marked acidosis, the breath having the typical smell. Carbohydrates and alkalis were pushed, and the acidosis gradually disappeared. The various readings in this case were somewhat irregullar, probably on account of the extreme perversion of metabolism present. 
NOTES ON CASE X
A history extending over two years was given by this patient. When first seen he was on diabetic diet, but the polyuria and glycosuria were still abundant. The total creatinin output on this diet cannot be considered large, nor was the elimination of nitrogen excessive. On creatinfree food the excretion of total creatinin fell, both creatinin and creatin being diminished in amount. With a retuirn to diabetic diet these valuies both became higher. 
NOTES ON CASE XI
Although this man had only been in hospital for a week, he refused further treatment, and a more extended examination was impossible.
Like the previous case, he was a poorly nourished man, with a history of about two years' duration. He passed a large amount of urine, and the glycosuria was also great.
On ordinary diet the total nitrogen excretion was large, but the total creatinin output was not high. The large proportion of creatin is noticeable. On creatin-free diet the output of total nitrogen diminished, and the creatinin and creatin values were also reduced.
The patient was losing weight, anid the prognosis was considered unfavourable.
The above tables represent the majority of the cases examined for this investigation. It will at once be seen that creatin was always presentsometimes to a considerable extent-wvhen sugar occurred in the urine. The fact that creatin was found even after a patient had been on a creatin-free diet for some days is sufficient indication that it must be under these conditions derived from the tissues and not from the food ingested.
The effect of a creatin-free diet was generally to decrease the output of both creatinin and creatin, but the latter was sometimes increased. This is probably due to the fact that a suitable creatin-free diet is (as has already been noted) of necessity rather rich in carbohydrate, and tends to increase the glycosuria, and in some instanices upset the patient.
With the exception of the case of acromegaly diabetes, the total creatinin eliminated by these patients caninot be considered high; even on strict diabetic diet these cases did not eliminate an excessive amount of creatinin.
The case of acromegaly diabetes must be taken separately; the figures in this case reached great heights; but it is reasonable to suppose that the diseased pituitary gland contributed to this great increase in
